Introduction
The parasite Trypanosoma cruzi, the causative agent of Chagas disease, has been affecting humans for at least 9,000 years, but Europe has experienced the emergence of this disease as a significant health issue only very recently [1, 2] . In humans, T. cruzi is responsible for a chronic infection causing potentially lethal cardiac damages in up to 30% of cases. It was traditionally confined to the Americas, resulting in a high social and financial burden primarily in rural areas [3] . In the absence of T. cruzi vectorial transmission outside Latin America, Chagas disease in non-endemic countries is predominantly an imported infection, affecting migrants more than travellers [4] . Besides, transplacental and blood-borne transmissions have been reported in Europe [5, 6] . In 2010, the World Health Organization (WHO) estimated that 80,000 persons could be infected in Europe, making Chagas disease one of the predominant emerging parasitic infections in the continent [2] .
In Switzerland, a small country of 7.8 million inhabitants, foreigners accounted for 22.4% of the total population in 2010. Currently, 35,000 Latin American migrants originating from the 21 countries endemic for Chagas disease are legal residents in Switzerland. This figure does not include adopted children or migrants who have received the Swiss citizenship. Moreover, since the 1990s, a large number of Latin American migrants have been settling in Europe without residence permit and are not recorded in the official registries. For example, 1,229 residents of Bolivian origin were officially registered in Switzerland in 2009, but migrants associations estimate that around 9,000 Bolivians live in the canton of Geneva alone, most of them undocumented (F. Anda, Association des Boliviens de Genève, June 2010, personal communication). A large majority of recent Latin American migrants are women employed in the domestic industry. Thus, it can be estimated that the real number of Latin American migrants at risk of having Chagas disease currently living in Switzerland may be as high as 60,000 to 90,000 [2] . Undocumented migrants are legally entitled to access the Swiss healthcare system by purchasing a health insurance. Yet, the expensive premium (EUR 200-300 per month), lack of knowledge of the system and administrative barriers prevent the vast majority of them from contracting an insurance, thus making access to care difficult, especially outside the main urban areas, where communities and support groups are less organised.
The first recorded case of Chagas disease in Switzerland dates back to 1979 [7] . Since then, the number of cases recorded has increased in parallel with the growth of the population at risk, alongside higher awareness among health professionals and with improved access to reliable diagnostic tools [8, 9] . Several studies have documented the emergence and transmission of Chagas disease in Latin American communities in Switzerland [5, 10, 11] . Here, we review epidemiological, clinical and social data on all cases of Chagas disease diagnosed and recorded in Switzerland.
Methods
We used several sources of information to identify cases and their characteristics before aggregation: (i) the clinical databases of two studies done in Geneva in 2008: a community-based cross-sectional study in adult Latin American immigrants over the age of 16 years [10] and a prospective study in pregnant Latin American women attended at the Geneva University Hospitals [11] , (ii) the database of all cases seen at the Geneva University Hospitals and (iii) information collected from the main laboratories performing diagnosis of T. cruzi infection, the major Swiss healthcare institutions and experts active in international health and infectious diseases in Switzerland. To optimise data collection, an internet search for published cases was conducted using two major electronic databases (Pubmed and Embase). The keywords 'Switzerland', 'Chagas disease', and 'Trypanosoma cruzi' were used. To avoid duplication of cases from different sources, the date of birth, nationality, sex and place of diagnosis and treatment were cross-checked. Cases were defined as any individual in whom T. cruzi testing was positive, either by serology (≥9 month after birth in newborns), nucleic-acid assay or microscopy. Up to 2008, the Swiss Tropical Institute in Basel was the only Swiss laboratory performing serology for T. cruzi infection (in-house indirect immunofluorescent assay), haemoculture and nucleid acid assay (in-house PCR). Since 2008, Geneva University Hospitals have been using two different serological tests (ELISA cruzi, Biomerieux, Brazil and Chagas Stat-Pak, Chembio Diagnostic Systems, United States). Moreover, several Swiss reference laboratories perform microscopical examination in blood and tissues. Since 2008, screening programmes in Geneva have focused on Latin American individuals who fulfil one or more of the following criteria: Bolivian origin, relative of a patient with Chagas disease, suggestive symptoms, recipient of a blood transfusion in the home country, or pregnancy.
Results

Number of cases and place of diagnosis
From 1979 to June 2011, a total of 258 persons have been diagnosed with T. cruzi infection in Switzerland. All but five patients were diagnosed in Geneva.
Time variation of frequency of cases and clinical features
From 1979 to 2007, in the absence of screening programmes, 11 cases of T. cruzi infection had been identified including eight symptomatic cases: five with cardiac, one with cardiac and digestive complications, and two congenital infections with placental abnormalities [5, [7] [8] [9] . After screening programmes were initiated in Geneva, 247 cases were diagnosed from January 2008 to June 2011, with a lower proportion of symptomatic cases (53 of the 231 clinically evaluated patients). Table 1 shows the socio-demographic characteristics of the 258 patients. The median age was 41 years and women were overrepresented with 83% of cases. The vast majority of patients were Bolivians (n=241). Information on whether they had a residence permit was available for 176 patients. Most of those (n=171) were living in Switzerland without a residence permit and without health insurance.
Socio-demographic characteristics
Mode of transmission and clinical staging
Congenital transmission (acute phase) was diagnosed in four newborns, all of them from Bolivian mothers. In addition, five children between 1 and 11 years of age were diagnosed at the early indeterminate phase of the chronic stage. Table 2 shows the clinical staging of the 258 patients. One fatal case occurred following a fulminant T. cruzi infection reactivation in an immunosuppressed patient who had received a heart transplant [10] .
Diagnosis
All patients in the indeterminate phase of the chronic stage and one newborn (aged nine months) were diagnosed by positive results in at least one, mostly two, serological assays (immunofluorescence, ELISA or immunochromatography) with the strategies or combinations varying depending on the diagnosing centre. One newborn was diagnosed by positive T. cruzi nucleic acid test of umbilical cord blood. Two other newborns were diagnosed by detection of amastigote forms of T. cruzi in the placenta with confirmation by positive serology and nucleic acid assay. The patient with T. cruzi reactivation was diagnosed by identifying amastigote forms in the skin and in a bone marrow biopsy, and by a positive peripheral blood buffy coat.
Treatment
Criteria for treatment initiation were based on recommendations from the World Health Organization and on guidelines from the United States [11, 12] . Until 2009, nifurtimox was used for availability reasons. Since then, benznidazole has been more easily available and has become the first-line treatment. Anti-parasitic treatment was initiated in 129 patients (50%). Ninetythree patients received nifurtimox (10 mg/kg/day) and 36 received benznidazole (5 mg/kg/day; max:300 mg/ day). Overall, adverse events caused premature treatment termination (less than 60 days) in 41 patients (31.8%; nine with benznidazole and 32 with nifutimox). A full description on tolerance of nifurtimox in patients treated in Switzerland has been published [13] .
Discussion
To our knowledge, 258 cases of Chagas disease were diagnosed and recorded in Switzerland between 1979 and 2011. Considering the limited number of medical centres and laboratories working on parasitic diseases in Switzerland, this figure probably reflects the actual situation correctly. Almost all cases were diagnosed in Geneva, which has several reasons: (i) a large community of Bolivian migrants live in Geneva, (ii) local policies allow access to primary healthcare for uninsured individuals, (iii) repeated epidemiological investigations on Chagas disease and information sessions with the community have created confidence and reinforced the cooperation between migrants and the Geneva University Hospitals (HUG), (iv) screening programmes have been implemented in the Canton of Geneva. Such programmes have so far not been put in place in blood banks, maternity wards and health institutions of other Swiss cantons, with the exception of Lausanne in the Canton of Vaud. The implementation of screening in Geneva is the main explanation for the shift from a low number of detected cases with a high proportion of symptomatic individuals (until 2007) to a higher number of cases with a high proportion of asymptomatic individuals (since 2008). Previous studies in Geneva showed 25% prevalence within the Bolivian community, mostly in women of child-bearing age who had a positive attitude towards blood donation in Geneva, which highlighted the risk of blood-borne and congenital transmission [5, 14] .
Chagas disease represents an emerging and complex health issue in Switzerland considering (i) the presence of a significant number of infected persons, (ii) their social situation with poor access to healthcare and very low socioeconomic status, (iii) the active vertical transmission and the potential for transmission through blood and organ donations, and (iv) the low awareness and consideration by public health authorities and health professionals [15] . The situation of Chagas disease in Switzerland is emblematic of the European context, as until now only Spain and France have adopted public health policies to control the spread of this emerging infection [16] . Considering the number of Latin American immigrants living in Switzerland and the proportion of T. cruzi infections in this community, up to 3,000 cases could be present in the country. The main challenges for the control of this emerging health threat are: (i) raising awareness both in communities at risk of infection and in health professionals, e.g. primary care physicians, gynaecologists/obstetricians, paediatricians, cardiologists, gastroenterologists, and radiologists, (ii) developing national protocols for screening and treatment, targeting high-risk groups such as pregnant woman, newborns, Bolivian citizens, immunosuppressed migrants, (iii) preventing blood-and organ-borne transmission by appropriate screening strategies, (iv) taking into account the social vulnerability of individuals at risk in the design of programmes and their implementation, and (v) facilitating contacts with the communities at risk through outreach programmes, for example in churches and cultural groups.
